This paper addresses a model reference adaptive controller which has simpler structure, fewer adjustable parameters, easier operation and accurate tracking capability even in the presence of external disturbances and uncertainties. The controller is applied into the perforated mill automatic speed control system and simulation results illustrate the practicality and effectiveness.
Introduction
Since Massachusetts Institute of Technology first proposed adaptive control technology in the late 1950s [1] , many different forms adaptive control method has appeared [2] [3] [4] [5] , such as Dressber and Price, Pearson, who early proposed the design method [5] . These methods can not guarantee the system global asymptotic stability. Later, Monopoli researched an augmented error signal method, which design adaptive control law by Jacobi stability theory [6] . It can adjust the controller input and output parameters to gain the good performance and avoid adopting the differential of output signal. However, this method has too many control parameters and the structure is complex to implement applications. Therefore, reducing the adjustable parameters in the model reference adaptive controller and simplifying the controller structure is the key to the practical application of adaptive controller [7] [8] [9] . Moreover, there is a variety of interference signals inevitably in actual system. While Improve the system robustness, ensures the system stability even in the presence of external disturbances and uncertainties have become the urgent problem.
Electric drive system is one of the most successful areas in model reference adaptive control system application [10] [11] [12] . For example, C.Lascu and I.Boldea adopt adaptive control for motor supply drive system in the early application [11] . Model reference adaptive controller can design the reference model based on the system performance, and the adaptive controller can ensure the system tracking and stability by adjusting the controller parameters even in the presence of external disturbances and uncertainties. Perforated mill speed control system is mainly focused on controlling the drive electrical motor speed. According to the difference between the measured values of servo motor and set values, the precise speed control is achieved by control servo motor.
Consider above reasons, this paper addresses a practical model reference adaptive controller for perforated mill speed control system. The controller obtains the feedback gain from the filter derivative of control input, so the system has good control performance even in the presence of external disturbances and uncertainties. The controller has simple structure and fewer tuning parameters, which make the proposed reference model adaptive controller has the practical value.
Perforated mill speed control system
Perforated mill is generally applied into seamless steel pipe rolling equipment. The speed control plays a vital role on the production efficiency and product quality. Perforated mill speed control system is mainly focused on controlling the drive electrical motor speed. According to the difference between the measured values of servo motor and set values, the precise speed control is achieved by control servo motor. The control system adopts direct-current motor and silicon controlled rectifier technology and the motor current loop is used as controlled object. The system dynamic structure is shown in Fig.1 
Model reference adaptive controller design
The Model reference adaptive control principle is: According to the plant structure and control requirement, the reference model is designed to make output response can express the input commands expect. Then, the tracking error between the model output and the controlled object output by adjusting controller parameters, so that the tracking error converge to zero. That is, for any piecewise continuous uniformly bounded input function ) (t r and any initial conditions, the object control input can be found to make the tracking error between the controlled object and reference model gradually converge to zero.
The system reference model equation is depicted by input-output equations as:
Where,
are the reference model input and output respectively, h is the order difference between controlled object and reference model, p is differential operator in all polynomials,
. The corresponding controlled object is depicted by input-output equations as:
Where, Combining (4) into (3), the controlled object can be expressed as follows:
Where, Substituting (7) into (6), The error function can be described as,
can be expressed as
Using (10) and (9) the generalized error equation can be further written as
If the appropriate adaptive update law for i k can be selected and meet the following conditions, we may easily prove the convergence of the tracking errors to zero and the system stability using Popov hyper-stability theory.
The conditions are: Firstly, transfer function
is strictly positive real, Then the Proportional-integral adaptive law is defined as 
Simulation results
The controlled object is perforated mill speed control system which structure is shown in fig.1 Nm/A , the maximum allowable value of the bound is 4. In order to verify the effectiveness of the proposed model reference adaptive control, the reference model is selected as two-order function (1) . The structure of model reference adaptive controller is shown in fig.2 . The control gains used in the simulation were selected as
. Applying Popov hyper-stability theory and Matlab/simulation, simulation results are shown in Fig.3-4 . 
Summary
A model reference adaptive controller for perforated mill speed control system is presented. The controller obtains the feedback gain from the filter derivative of control input, so the system has good control performance even in the presence of external disturbances and uncertainties. Adaptive control law is based on the Popov hyper-stability theory, which makes the system have good tracking and stabilities. The controller has simple structure and fewer tuning parameters, which make the proposed reference model adaptive controller has the practical value. The effectiveness of the proposed controller was verified by simulation.
